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Abstract 
The aim of this paper is to demonstrate that the usage of the Bung-Wand-Weber (BWW) Ontology as a theory in 
method engineering is both feasible and relevant. Weber and his colleagues introduced the BWW Ontology as 
theoretical foundation for conceptual modeling. In this paper we describe how the BWW Ontology can be used to 
systematically underpin the development of modeling grammars. Since the development of modeling grammars 
belongs to the method engineering discipline we firstly discuss the necessity of a theoretical basis in this research 
stream. In the second part of the paper we investigate and summarize the rich set of empirical findings in the BWW 
Ontology domain. Lastly, we show how these theoretical findings can inform method engineering research. 
Including theory in method engineering has two advantages: Firstly, it is possible to predict the success or failure of 
the design and secondly, theory-driven design instantiates existing hypotheses and allows testing them.  
Keywords 
BWW Ontology, Conceptual Modeling, Method Engineering, Design Science. 
Introduction 
Although conceptual modeling is considered as the core of the Information Systems (IS) discipline by several researchers 
(Frank 1999; Weber 2003), Patel et al. (1998, p. 374) found in an empirical study that designers have failed to use this tool in 
practice. Patel et al. (1998) concluded that difficulties in reconstructing reality with the modeling grammar led to reduced 
confidence in the value of conceptual modeling as such. Theories of conceptual modeling might help to overcome the 
problem of representing reality and to guide practitioners in the modeling process (e. g., Ågerfalk and Eriksson 2004; Shanks 
et al. 2003a; Wimmer and Wimmer 1992). 
Conceptual models are created by a conceptual modeling method. An important part of a modeling method is its modeling 
grammar (Wand and Weber 2002b). The grammar describes the available language constructs as well as how to combine and 
often how to represent them (Fettke and Loos 2003; Gemino and Wand 2003). Modeling grammars are artefacts created in a 
method engineering process. In a broader sense, the method engineering discipline is concerned with the selection, adaptation 
and design of situation specific modeling methods. The underlying assumption of this research is that there is no universal 
method, which can be used in all situations (Brooks 1987; Fitzgerald et al. 2003; Kautz 2004; Lindvall and Rus 2000; ter 
Hofstede and Verhoef 1997; Wistrand and Karlsson 2004). Therefore, it is necessary to create and/or tailor a method to the 
specific characteristics of the situation (Brinkkemper 1996; Harmsen 1997; Kumar and Welke 1992). A method is not 
considered as a single monolithic bloc but rather as consisting of a set of fragments (e. g., Brinkkemper et al. 1999; Harmsen 
1997; Punter and Lemmen 1996; Saeki and Wenyin 1994), which differ in terms of their scope and their granularity (e. g., ter 
Hofstede and Verhoef 1997, pp. 403). As we focus on the modeling grammar in this paper, we restrict our considerations on 
the product part of a method. The process part of a method is not discussed here. 
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Method engineering approaches can be distinguished based on their starting point. Ralyté et al. (2004) distinguish four 
different approaches for method engineering projects: 
1) The assembly-based approach reuses method fragments to construct a new method (Brinkkemper et al. 1999; Gupta 
and Prakash 2001; Harmsen 1997; Kumar and Welke 1992; Punter and Lemmen 1996). This approach assumes that 
these fragments have been detached from existing methods, provided with a description and stored in a method base. 
Based on the specific characteristics of a project these fragments can be selected from this repository and assembled 
by following predefined rules.  
2) The paradigm-based approach takes a meta-model that belongs to a certain theoretical framework as starting point 
(Ralyté et al. 2003). This meta-model is specialized, abstracted or adapted according to the objective of the project 
(Gupta and Prakash 2001; Tolvanen 1998).  
3) The extension-based approach focuses on an existing method and provides novel additions to it. The objective of 
this approach is to enhance a method with new features that are helpful to meet the requirements of the project. 
Examples for the extension-based approach are the enrichment of activity diagrams with temporal aspects (Gehlert 
et al. 2004) or an extension of class diagrams to model web applications (Baresi et al. 2001). 
4) The ad-hoc approach is concerned with the construction of a novel method ‘from scratch’ (Ralyté et al. 2004). This 
strategy is required when necessary method fragments or meta models are not available. This can be the case when 
the project deals with a new application domain that is not yet covered by a specific method or when the project 
characteristics differ significantly from former situations.  
Approaches one to three take parts of a method as given and deal with their recombination or adaptation. However, it remains 
unclear how to initially construct method fragments, how to find the relevant constructs and how to combine them. 
Consequently, we focus on the ad-hoc approach as it is the only one that considers how a method fragment is actually built.  
The construction of a method fragment is a design process (Takeda et al. 1990, p. 45). Typical design decisions in a method 
engineering project include the question whether a distinction between types and properties should be made or whether 
optional properties should be allowed. Traditional IS theories such as the technology acceptance model (Davis 1989), general 
systems theory (von Bertalanffy 1968), or contingency theory (Fiedler 1964) are on a granularity level which is too abstract 
to provide answers to these fine-grained questions.  
However, if traditional IS theories are too general to be useful for a theory-guided method engineering project, the question 
of the feasibility and relevance of this approach arises. In this paper we aim to answer the following research questions: 
1. Can the BWW Ontology be considered a theoretical artifact? We want to demonstrate how the empirical studies of 
the BWW grammar encouraged theory building and testing. We intend to show that the existing empirical findings 
have shaped a theory based on the BWW Ontology that can be applied independently from the epistemological 
setting of Bunge.  
2. Is the BWW Ontology a feasible and relevant theory for method engineering? As ontological research has proven to 
be useful in answering some of the before-mentioned questions, the output of this research stream might be a 
valuable input to the design of method fragments (in line with Shanks et al. 2002, p. 98). As a research result we 
outline a method engineering process, which incorporates existing theories. 
The paper proceeds as follows: In the next section we briefly introduce the BWW Ontology and discuss the relevant 
epistemological issues of its usage in IS. Afterwards, we summarize the empirical studies inspired from the BWW Ontology. 
In the conclusion section we show how these theoretical findings can be incorporated into method engineering processes and 
discuss briefly their impacts. 
Ontological Research with the BWW Ontology 
The BWW Ontology (e. g., Weber 1997) has been proposed as a theoretical foundation for conceptual modeling. It strives to 
provide guidance how to develop modeling grammars as it explains what constructs to include and how to combine them. In 
line with our argumentation, the BWW Ontology seeks to fill the theoretical gap on how to construct modeling grammars 
from scratch.  
More recently, the general debate has been renewed over whether ontologies should be used as theories in the analysis, 
design and implementation of modeling grammars. While the opponents of this approach argue “… that the project of 
developing theoretical foundations of conceptual modeling on the basis of philosophical ontology is neither feasible nor 
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defensible” (Wyssusek 2006, p. 74), the proponents mainly put forward the interesting results that have been achieved so far 
with this approach. To shed light on this debate it is important to analyze the statements made by the opponents and 
proponents. 
Discussion of Ontological Research 
The underlying hypothesis of ontological research can be summarized as follows: If a modeling grammar is constructed on 
the basis of an ontology, the models created with these grammars are easier to understand (Wand and Weber 1993, p. 219). 
An ontology describes the categories and their relations to each other, which make up the world (Grossmann 1992, p. 1). 
Conceptual models are models of the real world expressed in a specific modeling grammar (Shanks et al. 2003b, p. 86). 
Therefore, it seams reasonable to relate the constructs of that grammars to the categories of the real world which are 
described by an ontology. 
This view is not problematical if, firstly, models are seen and interpreted as models of the real world and, secondly, if the 
modeler accepts and adapts the epistemological assumptions of the philosopher who developed the ontology. If both 
conditions are fulfilled, only one ontology can exist for this modeler and as a consequence, the usage of the ontology as 
modeling grammar must be superior to any other modeling grammar.  
Difficulties arise if the before-mentioned conditions are not fulfilled (Wyssusek 2006, p. 70 and 73). We do not want to open 
this philosophical debate since “… philosophy-level discussions among IS researches should […] be […] arbitrated as much 
as possible at the IS level, in order to ensure that they remain sound and relevant.” (Opdahl2006, p. 98) Instead we show in 
the next section that the BWW Ontology can be seen as a theory candidate. This view relaxes the epistemological assumption 
of the underlying Bunge ontology. 
The BWW Ontology 
The BWW Ontology is based on the work of Bunge (1977; 1979). It consists of three major parts as described in figure 1 
(Wand and Weber 1993, p. 218):  
• The basis for the use of the BWW Ontology in the IS discipline is the state tracking model. The state tracking model 
has two premises: The information system is embedded into the real world and must faithfully track its changes (cf. 
Weber 1997, pp. 135 for more details). 
• The assumption that an information system should be a faithful representation of a real world proportion leads to the 
representation model since the question about the nature and structure of this real world arises. Wand and Weber 
propose that any modeling grammar, which is used to model information systems, should have a 1:1 mapping to the 
representation model. If this is the case, the modeling grammar is said to be ontologically clear and complete (cf. 
Wand and Weber 1993, p. 226 and 228 for more detail). 
Rosemann and Green (2002) identified five major parts of the representation model, namely one central part dealing 
with things, classes and kinds, and four additional parts dealing with different properties, states, system and events 
and transformations. However, only the parts “thing” and “property” were currently investigated empirically. 
• The third sub-model is the good decomposition model. Its basis is the state tracking and the representation model. 
Wand and Weber assume that system-decompositions are not arbitrary, that is, there are certain properties for good 
decompositions. Generally: “A good decomposition […] must reflect the structure and dynamics of the represented 
real system.” (Wand and Weber 1993, p. 218) 
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Figure 1. Overview of the BWW Ontology 
Theoretical properties of the BWW Ontology 
For the scope of this paper, we consider a theory as a set of universally quantified statements (Beckert 1999, p. 202). It is 
composed of propositions that strive to explain and predict certain behavior or structure of the world (Gregor 2006, pp. 617). 
A theory requires an empirical evaluation to prove its appropriateness. We use the term hypothesis if a proposition was 
empirically tested and the test did not falsify the proposition. However, we do not distinguish between propositions and 
hypotheses based on different levels of internal and external validity of the studies. 
In the light of our theory definition, we consider the BWW Ontology as a theory (cf. for similar arguments Milton and 
Kazmierczak 2006). Although the BWW Ontology itself cannot be tested (Bunge 1977, p. 21), researchers derived 
propositions from the ontology and analyzed them empirically. These empirical studies mainly address the representation 
model (Bodart et al. 2001; Burton-Jones and Weber 1999; Gemino and Wand 2005; Green and Rosemann 2002; Parsons and 
Cole 2004; Weber 1996). To the best of our knowledge, there is only one study testing the good decomposition model 
(Burton-Jones and Meso 2006)1, and no empirical studies on the state tracking model. In the interest of brevity, we focus on 
the representation model only.2
The main aspect of the representation model is to provide a theory for modeling grammars. It assumes when models are 
created with modeling grammars that contradict the hypotheses in the BWW representation model, these models are more 
difficult to interpret. Such contradictions between the BWW Ontology and a grammar can be twofold: Firstly, the modeling 
grammar might not represent all constructs of the representation model. Consequently, the modeling grammar cannot 
describe all relevant parts of reality and is said to be ontologically incomplete. Secondly, the modeling grammar might not be 
ontologically clear, that is, its constructs do not have the same granularity and/or structure as the representation model (Wand 
and Weber 1993, pp. 226). The proposition of the representation model can be formulated as follows: 
P 1: Models created with a modeling grammar, which is ontologically clear and complete, are easier to 
understand than models created with a modeling grammar, which is ontologically unclear and/or incomplete. 
To formulate more precise propositions, which can be easily empirically tested, the scope of H 1 must be limited in a 
deductive way. There are two possibilities to achieve this limitation: Firstly, the term “understanding” can be clarified and 
tightened. Secondly, the coverage of the BWW representation model can be restricted by concentrating on a specific part of 
the ontology (Wand and Weber 2002a). 
Past research used three different approaches to specialize the term understanding: 
1. Weber (1996) interpreted understanding as comprehension, e. g., the proportion of a model, which participants in the 
studies remembered in a free recall experiment. Gemino and Wand (2005) operationalized the term similarly and 
used a cloze test to measure comprehension. 
 
1 The good decomposition model has been applied to automatically decompose models of information systems (Paulson and 
Wand 1992) as well as to derive metrics for the evaluation of object oriented designs (Chidamer and Kemerer 1994). 
Although both papers address the good decomposition criteria at some degree, they do not empirically test them. 
Consequently, these results are not included in our analysis. 
2 Although the main results of the BWW research have already been reviewed by Wand and Weber (2002a), the purpose of 
this paragraph is to analyze existing hypotheses. These hypotheses are combined to a network, which is relevant for the 
construction of modeling grammars. 
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2. Burton-Jones and Weber (1999), Bodart et al. (2001), Parsons and Cole (2004), and Gemino and Wand (2005) used 
problem solving measures to indicate how well a model is understood. In contrast to comprehension questions where 
surface-level understanding is sufficient, answers to problem solving questions require deep-level understanding that 
needs to be applied to the respective question. 
3. Burton-Jones and Weber (1999) as well as Bodart et al. (2001) additionally used the measure “perceived ease of 
understanding”. This instrument is based on ideas from Davis et al. (1989) that were developed in the context of the 
technology acceptance model. Similar measures were used by Burton Jones and Weber (1999, "perceived ease of 
use") and by Green and Rosemann (2002, "perceived usefulness"). While comprehension and problem solving 
questions are directly related to the model-user’s knowledge of the model, the perceived ease of understanding, the 
perceived ease of use and the perceived usefulness instruments investigate the user’s subjective evaluation of the 
utility of the respective models. 
Authors who investigated the representational model focused on ontological clarity and completeness and, thus, investigated 
on how the differences between the representation model and the modeling grammar affect the understanding of models. The 
main results of these research efforts are summarized in Table 1.  
Early empirical work in the BWW Ontology area traces back to a 1996 paper from Weber. He provides empirical evidence 
that users of conceptual modeling grammars distinguish properties and things (Weber 1996). He concluded that when 
modeling grammars do not distinguish between these concepts, they should not be used for conceptual modeling. In a later 
paper Shanks et al. (2003a) were able to show that even if the modeling grammar offers the possibility to distinguish between 
these concepts, they might not be used appropriately. In this case, the authors provide empirical evidence that the resulting 
models are more difficult to understand. As a consequence, the distinction between properties and things should be carefully 
implemented into conceptual models. 
Another stream of research deals with the question whether properties should have properties. This discussion started in 1999 
when Burton-Jones and Weber (1999) showed in an experiment that models, which use the concept of properties for relations 
(property of a mutual property), are not as usefully for problem solving than models, which avoid properties of relations. 
However, the perceived ease of use measure of a model was not affected by this concept. In a later study Burton-Jones and 
Meso (2003) showed that models are more difficult to understand if properties of relations are used. Both studies suggest that 
properties of relations should be generally avoided in conceptual models and its modeling grammars. 
Following up this debate, Bodart et al. (2001) investigated the usage of optional properties. They found in an experiment that 
surface-level comprehension increases if optional properties are allowed in conceptual models. However, problem solving 
capabilities increase if optional properties are avoided. The latter findings were replicated by Gemino and Wand (2005). Both 
studies suggest that the concept of optional properties should be implemented into modeling grammars. However, if deep-
level understanding or problem solving is required, the concept should not be used in models. 
Shanks et al. (2002) investigated the role of part-whole relations in conceptual models. In an experiment they found empirical 
evidence that composites should be expressed as separate things. The alternative representation as association leads to 
reduced problem solving capabilities of the model users. 
Gehlert et al.  The BWW-Model as Method Engineering Theory 
 6
Table 1: Overview of empirical studies about the BWW Ontology 
Empirical Findings (Hypotheses) Implications 
H 1.1 Models are easier to comprehend if things and properties are 
clearly distinguished (Shanks et al.; Weber 1996). 
Modeling grammars should not be used when they 
do not distinguish between properties and things. 
H 1.2 If properties of relations are avoided the models are easier to 
comprehend (Burton-Jones and Weber 2003). 
H 1.3 If properties of relations are avoided problem solving 
performance increases (Burton-Jones and Weber 1999). 
H 1.4 Perceived ease of understanding is not affected by the usage 
of properties of relations (Burton-Jones and Meso 2002; 
Burton-Jones and Weber 1999). 
Modeling properties of relations should generally 
not be used in conceptual models even if the feature 
is provided by the modeling grammar. 
Modeling grammars should not permit to model 
properties of relations. 
H 1.5 If optional properties are avoided in conceptual modeling, 
deep-level understanding as well as problem-solving 
performance increases (Bodart et al. 2001; Gemino and 
Wand 2005). 
H 1.6 If optional properties are used in conceptual models, 
surface-level understanding increases (Bodart et al. 2001). 
H 1.7 The usage of conceptual models has no effect on the 
perceived ease of understanding of conceptual models 
(Gemino and Wand 2005). 
Optional properties should only be used if a 
surface-level understanding is required. 
Modeling grammars should provide the capability 
to model optional properties. 
H 1.8 The perceived usefulness of modeling grammars is higher if 
the grammar is ontologically complete (Green and 
Rosemann 2002). 
H 1.9 The perceived usefulness of modeling grammars is not 
affected by redundant elements (Green and Rosemann 
2002). 
Modeling grammar should be carefully selected for 
each modeling project. 
The method engineering discipline should 
concentrate on creating ontologically complete 
modeling grammars. 
H 1.10 Problem solving capabilities are higher if composites are 
represented explicitly in conceptual models (Shanks et al. 
2002). 
A modeling grammar should provide a construct to 
explicitly express composites. 
When applying this modeling grammar, users 
should prefer this composite construct over the 
relationship construct when modeling composites. 
The last class of empirical studies covered here is the reaction of model users on the lack of ontological completeness and 
ontological clarity in conceptual modeling methods. In a set of interviews with nine students and four practitioners Green and 
Rosemann (2002) found that people evaluate the perceived usefulness of a modeling grammar higher if this grammar is 
ontologically complete. Mixed results were found about redundant elements in modeling grammars (lack of clarity). While 
some of the interviewees used the redundant elements to establish a surface-level understanding, others were not sure how to 
use these grammatical elements (Green and Rosemann 2002, p. 318) . 
Figure 2 summarizes the dependencies between the elements of the BWW Ontology and its effects on the model user. 
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Figure 2. Dependencies between hypotheses derived from the BWW Ontology 
Conclusions and Further Research 
We described in the last section that empirically testable hypotheses can be derived from the BWW Ontology. In this sense 
the BWW Ontology can be interpreted as theory, which is especially independent from the epistemological assumptions of its 
authors. 
The hypotheses derived from the BWW Ontology imply that there are general rules on how to develop modeling grammars. 
The method engineering community believes, however, that every method must be tailored to the specific characteristics of a 
situation. The existence of a universal method is refuted.  
Each design process starts with the awareness of a problem as a discrepancy between the current and an intended situation 
(cf. figure 3). An examination of the intended state helps to derive relevant requirements of the solution. A method as a 
problem solving mechanism can represent such a solution. An appropriate theory that supports the design process must be 
chosen based on whether the implications of the theory comply with the requirements of the method. The contingency factors 
of a project can be broken down at least into general, domain specific, and situation specific characteristics. In order to show 
how the BWW Ontology can inform method engineering, also different levels of theory must be distinguished as part of the 
method design process.  
 As most method engineering projects aim at models that can be well comprehended, are useful for problem solving, 
and offer a high expected utility for its users, the hypotheses derived from the BWW Ontology form a general 
theory for method engineering. Hence, these hypotheses should be implemented in all modeling grammars 
independently from its requirements. 
 Domain theories, for example for the business domain or the public sector, can be used to guide the creation of 
domain specific grammars. They contain hypotheses that are not relevant or valid under all circumstances but for a 
particular domain. Such theories should only be used if they comply with the requirements. 
 Situation specific hypotheses do not belong to a theory but are developed ad hoc to support a method design. These 
hypotheses can be tested empirically in the evaluation phase of the grammar and later integrated to a domain or 
general theory. All situation specific hypotheses and the resulting decisions should be supported by a rationale 
management in the sense of Rossi et al. (2004). 
Gehlert et al.  The BWW-Model as Method Engineering Theory 
 8
As theories and hypotheses can reside at different levels of granularity they can support the development of situation specific 
methods. Consequently, method engineers who design and maintain method fragments should be aware of the existence of 
theoretical support for modeling grammars and should use available theories in their method engineering processes. As a set 
of hypotheses with the same granularity as modeling grammars exists, we argue that a theory-guided method engineering 
process is feasible as well as relevant. 
Figure 3. Theory guided method engineering process based on (Takeda et al. 1990, p. 45) 
Further research should be conducted in three areas: Firstly, it is necessary to collect further empirical evidence for the 
hypotheses implemented in the BWW Ontology. Additional empirical evidence is needed to test whether the hypotheses 
H 1.1-H 1.10 used together still lead to the same results. This is an important prerequisite for using these hypotheses in a 
method engineering project. Lastly, method engineers should become aware of the existence of theories, which can guide 
method engineering processes and should implement these hypotheses in current modeling grammars. 
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